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Influenza virus infection causes significant mor-
bidity and mortality worldwide.1–5 There are three
types of influenza viruses (A, B, C), among which
influenza A viruses are further divided into sub-
types based on the antigenicity of the external
glycoproteins—hemagglutinin (HA) and neur-
aminidase (NA). Of the 16 HA and nine NA sub-
types, only three HA (H1, H2, H3) and two NA
(N1, N2) subtypes are generally associated with
influenza-related diseases in humans.6,7 However,
avian influenza (H5N1, H9N2, H7N7) infections
in humans have been documented since 1997.8–11
Influenza A H3N2 virus was the major cir-
fculating strain in Taiwan during the winter o
2003/04. H3N2 influenza A viruses isolated in
Taiwan or elsewhere, including the United States
and Canada, during the 2003/04 season were
antigenically related to A/Fujian/411/2002,12,13
rwhich was suggested as the vaccine strain fo
2004/05 in the northern hemisphere.14 Mean-
while, outbreaks of avian flu caused by the H5N1
t influenza A virus were reported throughou
Asia in December 2003.15–18 fHuman isolates o
H5N1 infection were also reported in Thailand
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and Vietnam in March 2004.19,20 At the beginning
of 2004, H5N2 avian influenza was detected
among domestic fowls in the Changhwa and
Chiayi prefectures of Taiwan. The strain identified
in Taiwan was determined as a low pathogenic
one,21 and differed from the highly pathogenic
strain affecting Thailand and Vietnam. Although
the risk of human infection with H5N2 avian flu
is low, it cannot be ignored. Further investigation
of the nature of unsubtyped influenza A viruses is
thus mandatory. This study analyzed 16 isolates
from the 2003/04 season in Taiwan that could not
be subtyped using routine reverse transcription–
polymerase chain reaction (RT-PCR) methods.
The analysis included subtyping these isolates
based on RT-PCR with different primer sets,
quantitating the viral loads of these clinical iso-
lates, sequence determination and comparison,
and characterization of viral growth rates.
Methods
Clinical isolates
Clinical isolates from patients with symptoms of
respiratory tract infections, including cough, sore
throat, tonsillitis, pharyngitis, pneumonia and
bronchiolitis, were obtained from the Clinical
Virology Laboratory of Chang Gung Memorial
Hospital. This study included infected patients
with one or more of these syndromes.
Specimen collection and transportation
Throat or nasopharyngeal swabs were gathered
using a transport medium containing 2 mL of
Eagle’s minimum essential medium (EMEM) (pH
7.2) with gelatin (5 g/L), penicillin (400 U/mL),
streptomycin (100μg/mL), gentamicin (50μg/mL)
and amphotericin B (Fungizone) (0.25 μg/mL).
Specimens were placed on ice and transported to
the Clinical Virology Laboratory within 24 hours
of collection.
Virus isolation and identification
Respiratory specimens were inoculated into ap-
propriate tissue cultures (Madin-Darby canine
kidney [MDCK], Vero, A549, and rhabdomyosar-
rcoma [RD]) for influenza virus isolation, or fo
isolation of other respiratory tract viruses such as
parainfluenza virus, adenovirus, respiratory syn-
cytial virus (RSV), enterovirus, and herpesvirus.
L The culture tubes were inoculated with 0.2 m
rof the clinical specimen and incubated for 1 hou
to allow adsorption before the addition of viral
rgrowth medium. The viral growth medium fo
gVero, A549, and RD cells was EMEM containin
2% fetal bovine serum and antibiotics, while
that for MDCK cells was serum-free EMEM con-
taining 2 μg/mL trypsin. The culture tubes were
incubated at 35° cC and examined for cytopathi
effect daily for 10–14 days.
Hemadsorption and hemagglutination were
performed on MDCK cell cultures to detect hemag-
glutinin-containing viruses, such as influenza virus
and parainfluenza virus, and final identification
ywas conducted using a screening kit for respirator
viruses (Chemicon International Inc., Temecula,
CA, USA). All the influenza viruses (136 isolates)
were typed using immunofluorescent assay (IFA)
via type-specific monoclonal antibodies (DAKO,
Cambridgeshire, UK). Additionally, 120 influenza
gA viruses were subtyped as H3N2 by RT-PCR usin
subtype-specific primers;22,23 the other 16 in-
fluenza A isolates were left to be subtyped. The five
strains, A/Taiwan/3446/02, A/Taiwan/3565/02,
A/Taiwan/229/03, A/Taiwan/36/04 and A/Taiwan/
220/04, selected for the assessment of growth
rate were also subtyped by hemagglutination in-
hibition assay using the World Health Organiza-
tion influenza reagent kit, kindly provided by the
Centers for Disease Control and Prevention in
Atlanta, Georgia.
The clinical isolates that could not be sub-
typed were further propagated in MDCK cells in
serum-free Dulbecco’s modified Eagle’s medium
containing 2 μg/mL of trypsin. Cell monolayers
were cultivated in a T25 flask at 35°C and ob-
served daily to assess the cytopathic effect. The
culture fluid was removed at 5-day intervals and
creplaced with fresh medium until a cytopathi
effect was observed. The final culture fluid was
tharvested, divided into aliquots and stored a
S.C. Chang, et al
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–70°C. RT-PCR for subtyping was done using the
same aliquots.
RNA extraction and RT-PCR for subtyping
RNA was extracted using the Viral RNA Extraction
Miniprep System kit (Viogene, Sunnyvale, CA,
USA) with a modified protocol recommended
by the manufacturer. Briefly, 300 μL of culture
fluid was mixed with 1140 μL of RXV buffer. After
sitting for 10 minutes at 15–25°C, 1140μL of 100%
ethanol was added to the fluid. The mixture was
then applied to the spin column, followed by
500 μL WS buffer. RNA was eluted in 50 μL
RNase-free water, from which 11 μL RNA was used
as the template. The Reverse iT™ one-step RT-PCR
kit (Abgene, Epsom, Surrey, UK) was used with a
25 μL reaction mixture under the following con-
ditions: 0.5 μL of kit-supplied enzyme mixture,
0.5 μL of 10 μM of each primer, 12.5 μL of 2X RT-
PCR Master Mix, and 11 μL of RNA template. The
following RT-PCR program employing the H3-F
and H3-2 primer set,22,23 and the HA3-2F and
HA3-2R primer set,24 was used for all isolates:
42°C for 1 hour, 95°C for 3 minutes, followed by
50 cycles of 95°C for 30 seconds, 50°C for 30 sec-
onds, 72°C for 1 minute, and a final elongation
step of 72°C for 10 minutes. The final product
was stored at 4°C. The RT-PCR conditions were
the same for the N2-1 and N2-2 primers,22,23 but
the annealing temperature was increased to 55°C.
PCR products were analyzed by gel electrophoresis
on 1% agarose gel containing 2 μg/mL ethidium
bromide. The DNA bands were visualized and pho-
tographed through UV transillumination. Table 1
lists the primer sequences.
Nucleotide sequence analysis
HA or NA genes of influenza viruses were ampli-
fied via RT-PCR using the H3 primers (H3-F and
H3-2 or HA3-2F and HA3-2R) and N2 primers
(N2-1 and N2-2), respectively. H3-specific primer
pairs H3-F and H3-2, and HA3-2F and HA3-2R,
were designed to amplify 1032 bp and 445 bp frag-
ments from HA, respectively. N2-specific primers
(N2-1 and N2-2) amplified a 429 bp fragment.
The RT-PCR program was the same as that used
f fGrowth disadvantage o  in luenza A virus in MDCK cells
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for HA and NA subtyping. RT-PCR products were
purified using the QIAquick Gel Extraction Kit
(Qiagen, Valencia, CA, USA). The HA nucleotide
sequences used were 353 nucleotides long, from
position 681 to 1033 based on A/Hong Kong/
1/68 (H3N2). NA nucleotide sequences used
were 354 nucleotides long, from position 598 to
951 based on A/Hong Kong/1/68 (H3N2). The
nucleotide sequence of the purified fragments
was determined with an automated ABI3730 DNA
sequencer (PE-Applied Biosystems, Foster City,
CA, USA).
Phylogenetic analysis
The nucleotide sequence identity was analyzed
using the program needle in EMBOSS.25 Multiple
sequence alignment was determined using Clustal
W, version 1.81,26 with a gap opening penalty of
15 and a gap extending penalty of 6.66. Phyloge-
netic analysis was performed using PHYLIP,27,28
version 3.573c, with a Kimura 2-parameter dis-
tance matrix (program dnadist) and the neighbor
joining method (program neighbor). Support for
tree topology was determined through bootstrap
analysis with 1000 pseudo-replicate data sets gene-
rated using the program seqboot in PHYLIP. A
consensus tree was obtained using the program
consense, and the topology was viewed with
TreeView, version 1.6.6.29
Sensitivities of primer pairs
yRNA extracted from A/Taiwan/1166/04 previousl
identified as H3N2 subtype as shown in Figure 1
by the routine multiplex RT-PCR method was
quantified to a specific copy number by quanti-
tative RT-PCR (qRT-PCR). RNA obtained from
serial diluted stock of A/Taiwan/1166/04 was then
rtested using the above RT-PCR conditions fo
subtyping. The sensitivity of RT-PCR using each
H3-specific primer was evaluated via serial dilu-
ytion from 55,000 to one copy. Amplifications b
H3-F and H3-2 primers were only shown in dilu-
tions exceeding 55 copies, while those by HA3-
2F and HA3-2R primers were shown in dilutions
of less than two copies.
qRT-PCR
qRT-PCR was performed as described previ-
ously.30 yThe standard curves were determined b
detecting plasmid DNA encoding matrix gene
provided by the Center for Disease Control in
Taiwan. Briefly, each 25 μL reaction mixture con-
tained 5 μL eluted RNA, 12.5 μL TaqMan Mix, 900
nM influenza A virus primer, and 100 nM probe.
Amplification and detection were performed
using an ABI Prism 7000 sequence detection sys-
tem under the following conditions: 30 minutes
at 48°C for RT, 10 minutes at 95° fC, 45 cycles o
15 seconds at 95°C, and 1 minute at 60°C.
S.C. Chang, et al
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iF gure 1. Positive counts for different
influenza A subtypes in Taiwan from
October 2003 to June 2004. Positive
count indicates the number of samples
positive for influenza virus isolation
among all respiratory tract specimens.
Influenza A viruses were further 
subtyped by IFA. The first row (near-end)
reveals no H1N1 isolate during that 
time period. The second row indicates the
number of unsubtyped isolates, while
f the third row displays the number o
H3N2 samples.
Growth curve
The confluent MDCK cells in 12-well plates were
washed twice with phosphate-buffered saline.
Virus strains quantified by qRT-PCR were used to
analyze viral growth. After infecting each well
with the same genome titer (multiplicity of in-
fection [MOI] = 0.001), the plates were incubated
at 35°C for 72 hours in serum-free medium con-
taining 2 μg/mL trypsin. At 12, 24, 36, 48, 60
and 72 hours post-infection, 200 μL of culture
supernatant was removed from each well for
qRT-PCR, and the same amount of media con-
taining 2 μg/mL trypsin was added back.
Results
Backgrounds of the 16 unsubtyped
influenza A isolates
Between October 2003 and June 2004, a total of
136 isolates identified as influenza A were re-
ported based on the results of viral culture and IFA.
Multiplex RT-PCR identified 120 of these isolates
as H3N2 subtype.22,23 However, this method failed
to confirm the subtypes of the remaining 16 iso-
lates (Figure 1). Of the 16 unsubtyped isolates, 12
were subtyped as N2, but were negative on multi-
plex RT-PCR by using either H1 or H3 (H3-F/H3-2
primer set) subtype-specific primers. Conversely,
one isolate (A/Taiwan/452/04) detected as H3 sub-
type had an undetectable NA subtype. The other
three isolates were not characterized as either HA
or NA subtype (Table 2). Table 2 summarizes the
distribution of age, sex, clinical manifestations of
the patients and HA and NA subtyping results. All
16 isolates were associated with influenza-like
symptoms, including fever, headache, myalgia,
rhinorrhea, cough and sore throat. Twelve isolates
(75%) were from patients under 12 years old, and
50% of all patients were 2–3 years old. The sample
included 11 males and five females, resulting in a
male to female ratio of 2.2:1. All of the specimens
were isolated from throat swab, except for one that
was isolated from nasopharyngeal swab. The IFA
used for typing influenza A viruses has 100% speci-
ficity according to the manufacturer.
Detection of HA and NA subtype by 
RT-PCR after viral re-culture
To enrich viruses for further identification, the
K16 clinical isolates were inoculated onto MDC
cells again. Considering that the H3N2 subtype
was the major epidemic strain circulating in
Taiwan at the time of specimen collection for this
study, this work re-examined these unsubtyped
isolates via RT-PCR using primers specific for H3
(H3-F and H3-2) and N2 (N2-1 and N2-2),
Rwhich were routinely used in multiplex RT-PC
in our clinical virology laboratory (Table 1).
Figures 2A and 2C illustrate the results of HA and
NA subtyping for these 16 unsubtyped isolates
after re-culture. H3-specific primers (H3-F and
H3-2) and N2-specific primers (N2-1 and N2-2)
twere designed to amplify a 1032 bp fragmen
from HA and a 429 bp fragment from NA, re-
spectively. A/Taiwan/3573/02, A/Taiwan/3286/
y03 and A/Taiwan/1166/04 (H3N2), previousl
identified as H3N2 by routine multiplex RT-PCR,
served as the positive control. Of the 16 isolates,
seven (44%) were positive for RT-PCR with H3
 primers after viral re-culture, but nine (56%)
remained negative (Figure 2A). For NA subtyp-
ing, DNA fragments of 429 bp were amplified as
expected in all 16 isolates (Figure 2C). Table 3
summarizes the HA and NA subtyping results
 using primers specific for H3 (H3-F and H3-2)
or N2 (N2-1 and N2-2) after viral re-culture.
Comparison of the HA and NA subtyping results
with those before re-culture suggests that re-culture
enhanced the subtype identification in certain
isolates.
Another H3-specific primer set (HA3-2F and
AHA3-2R; Table 1) was used to identify the H
subtype of the remaining nine isolates.24 tThis se
of primers successfully amplified a 445 bp frag-
gment in all isolates, including the remainin
nine isolates (Figure 2B). The RT-PCR results
confirmed that all 16 unsubtyped isolates were
gH3N2 subtype, the same as the other circulatin
influenza A strains in Taiwan for the 2003/04
season. This investigation also demonstrated
that when the routinely used primers H3-F and
H3-2 failed to detect the HA subtype, the primers
f fGrowth disadvantage o  in luenza A virus in MDCK cells
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HA3-2F and HA3-2R could alternatively be used
to successfully detect H3 subtype of these
Taiwanese H3N2 influenza viruses. RT-PCR re-
sults using H5 primers failed to identify any H5
avian flu involvement in these isolates (data not
shown).
Nucleotide sequencing and phylogenetic 
analysis
fTo further investigate the genetic characteristics o
the HA and NA gene of the 16 unsubtyped H3N2
isolates, the amplicons generated by H3 primers
(H3-F and H3-2, or HA3-2F and HA3-2R) and N2
f fGrowth disadvantage o  in luenza A virus in MDCK cells
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iF gure 2. fHA and NA subtyping o  16 unsubtyped isolates by reverse transcription–polymerase chain reaction (RT-PCR).
HA subtyping: (A) the H3-specific primer set, H3-F and H3-2, was used in RT-PCR with RNA extracted from 16 unsub-
typed isolates (lanes 5–20 from the left) following viral re-culture; (B) RNA extracted for the nine isolates, but not identified
with H3-F and H3-2, was identified via RT-PCR using another H3-specific primer set, HA3-2F and HA3-2R. NA subtyping:
(C) the N2-specific primer set, N2-1 and N2-2, was used in RT-PCR with RNA extracted from 16 unsubtyped isolates
after viral re-culture. The expected size of the RT-PCR product is indicated by an arrow. RNA extracted from A/Taiwan/
3573/02 (H3N2), A/Taiwan/3286/03 (H3N2) and A/Taiwan/1166/04 (H3N2) were used as positive controls, while
A/WSN/33 (H1N1) served as a negative control for subtype specificity. Marker: 100 bp ladder molecular size. H2O, the
grea ent control with water rather than RNA was used as a template.
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primers (N2-1 and N2-2) were sequenced and an-
alyzed. Figure 3A shows the phylogenetic relation-
ship of HA for these H3N2 strains together with
14 additional clinical isolates previously subtyped
as H3N2 by routine multiplex RT-PCR from 2002
to 2004 and 10 H3N2 reference strains. The 16 in-
vestigated H3N2 isolates were clustered in group
II with A/Fujian/411/02, the predicted predomi-
nant strain during 2004–2005 in the northern
hemisphere, and A/Wyoming/3/2003, the cur-
rently used vaccine strain for Fujian-like influenza
A H3N2 viruses. Meanwhile, two Taiwanese 2002
strains, A/Taiwan/3446/02 and A/Taiwan/3565/
02, were found clustered together with A/Panama/
2007/99 in group I. The nucleotide sequence
tidentity based on a 681- to 1033-nt HA segmen
was then analyzed. Compared to the vaccine strains
illustrated in Figure 3A, these 16 Taiwanese 2004
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iF gure 3A. HA sequence analysis of influenza A H3N2 viruses in Taiwan from 2002 to 2004. Phylogenetic relationship of
influenza A H3N2 subtype. HA nucleotide sequences used have a length of 353 nucleotides, from position 681 to 1033,
based on A/Hong Kong/1/68(H3N2).
strains were found to be most similar to A/Fujian/
411/02 (98.3–99.7%), followed by A/Wyoming/
3/2003 (97.7–99.2%) and A/Wellington/1/04
(98.3–99.4%), and less similar to A/Panama/
2007/99 (97.5–98.9%) (Figure 3B). On the other
hand, the 16 studied H3N2 isolates were clustered
with A/Wyoming/3/2003, A/Wellington/1/04 and
also A/Moscow/10/99 in group II by phylogenetic
analysis of NA (Figure 4A). Unlike the results
shown in Figure 3A for H3N2, only A/Panama/
A2007/99 was left alone in group I. Notably, the N
cof A/chicken/Taiwan/1209/03, a low pathogeni
strain of H5N2 avian flu in Taiwan in 2004, was
not clustered with any of these human H3N2 iso-
lates. A/Fujian/411/02 is not included in this analy-
sis because no NA sequence was publicly available.
The nucleotide sequence identities of the 16 inves-
 tigated H3N2 strains and the vaccine strains
S.C. Chang, et al
904 J Formos Med Assoc | 2006 • Vol 105 • No 11
100
99
98
97
96
95
9496
8/
02
32
55
/0
2
34
46
/0
2
35
65
/0
2
35
73
/0
2
25
0/
03
22
9/
03
32
86
/0
3 
32
78
/0
3
36
/0
4*
 
62
/0
4*
 
11
2/
04
*  
19
5/
04
*  
22
0/
04
*  
28
8/
04
*  
34
2/
04
*  
38
1/
04
*  
45
2/
04
*  
45
6/
04
*  
49
5/
04
*  
54
2/
04
*  
58
0/
04
*  
58
3/
04
*  
67
3/
04
*  
77
8/
04
*
12
00
/0
4 
12
10
/0
4 
12
11
/0
4 
11
66
/0
4 
11
87
/0
4
A/W
ellington/1/04[05]
A/W
yom
ing/3/03[04–05]
A/Fujian/411/02[04–05]
A/Panam
a/2007/99[00–04]
A/Sydney/5/97[98–00]
A/W
uhan/359/95[96–98]
A/Johannesburg/33/94[95–96]
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fluenza A H3N2 isolates versus vaccine strains for the northern hemisphere in the past 10 years. The 2003/04 vaccine
strain suggested by the World Health Organization (WHO) was A/Moscow/10/99, although A/Panama/2007/99 (vaccine
strain for 2000–2002) was widely used for vaccination. The 2004/05 vaccine strain recommended by the WHO was
A/Fujian/411/2002 (H3N2)-like virus, but A/Wyoming/3/03 was used as a vaccine virus. A/Wellington/1/2004
(H3N2)-like virus was used as a vaccine virus for the southern hemisphere for the 2004/05 season.
exhibited the following order: A/Wellington/
1/04 (97.2–100%), followed by A/Wyoming/3/
2003 (96.9–99.2%) and A/Panama/2007/99
(94.9–97.2%) (Figure 4B). Combining the HA
and NA data, this investigation confirmed that all
16 previously unsubtyped H3N2 isolates were clus-
tered together with the previously determined
rH3N2 strains, and were genetically most simila
to HA of A/Fujian/411/02 and NA of A/Wellington/
t1/04. The analytical results also demonstrated tha
Ano apparent distinction exists for the analyzed H
and NA sequences between the 16 previously un-
subtyped H3N2 isolates and the previously deter-
mined H3N2 strains.
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iF gure 4A. f f fNA sequence analysis o  in luenza A H3N2 viruses in Taiwan rom 2002 to 2004. Phylogenetic relationship
of influenza A H3N2 subtype. The NA nucleotide sequences used have a length of 534 nucleotides, from position 598 to 951,
based on A/Hong Kong/1/68(H3N2).
Sensitivities of different primer pairs
RT-PCR is routinely used in the clinical labora-
tory for subtyping of influenza A virus.
Successful RT-PCR relies heavily on primer sensi-
tivity.31 This study tested the sensitivities of both
the primer pairs H3-F and H3-2, and HA3-2F
and HA3-2R, using virus stock following series
dilution. A specific number of copies of serially
rdiluted virus stock were assigned. Primer pai
H3-F and H3-2 appeared less sensitive and re-
quired a copy number between 2200 and 5500
to be detectable (Figure 5A). On the other hand,
primer pair HA3-2F and HA3-2R could detect as
few as one to two copies (Figure 5B). Test results
of nine isolates that were positive with HA3-2F
and HA3-2R (Figure 2B) but negative with H3-F
S.C. Chang, et al
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iF gure 4B. fl f fl f dNA sequence ana ysis o  in uenza A H3N2 viruses in Taiwan rom 2002 to 2004. Percentage i entities o  
influenza A H3N2 isolates versus vaccine strains for the northern hemisphere during the past 10 years. The 2003/04 vaccine
strain proposed by the World Health Organization (WHO) was A/Moscow/10/99, although A/Panama/2007/99 (vaccine
strain for 2000–2002) was widely used for vaccination. The 2004/05 vaccine strain recommended by the WHO was
A/Fujian/411/2002 (H3N2)-like virus, but A/Wyoming/3/03 was used as a vaccine virus. A/Wellington/1/2004
(H3N2)-like virus was used as a vaccine virus for the southern hemisphere for the 2004/05 season.
and H3-2 (Figure 2A) indicate that small quantities
of RNAs might be present in these nine isolates,
thus leading to the unsubtyped result.
Viral loads in 16 clinical isolates
In this study, we hypothesized that viral load was
one of the main causes of the failure of subtyping
by RT-PCR for the 16 previously unsubtyped iso-
lates. To test this hypothesis, the amount of viral
RNA in culture fluids was measured by qRT-PCR.
Table 3 shows that the viral loads of seven iso-
lates positive for H3-F and H3-2 exceeded 5500
copies. Furthermore, the viral loads of the remain-
ing nine isolates negative for H3-F and H3-2 were
below 2200 copies, except for A/Taiwan/112/04
and A/Taiwan/342/04. Using primer sets other
than HA3-2F and HA3-2 for full-length HA 
sequencing,24 these two strains could still not 
be amplified and sequenced, suggesting that the 
HA sequences of A/Taiwan/112/04 and A/Taiwan/
r342/04 are not very complementary to H3-F o
H3-2. All of the remaining nine isolates negative
for H3-F and H3-2, particularly those with less
than two copies, were detected via HA3-2F and
fHA3-2R, which were shown to be capable o
screening samples with less than two copies
(Figure 5B). The qRT-PCR results demonstrated
that negative results of subtyping by H3-F and
wH3-2 were partially caused by the presence of lo
RNA quantities in the culture fluids.
Comparison of viral growth rate in MDCK
cells among clinical isolates
The question of whether the low viral loads in the
culture fluids observed in this study resulted from
low isolate growth rate during 2004 was next exam-
ined. Five recent influenza A H3N2 isolates were
chosen for study of growth rates in MDCK cells,
f fGrowth disadvantage o  in luenza A virus in MDCK cells
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iF gure 5. f ( ) f d d d hSensitivities o  primer pairs. A  Sensitivity o  H3-F an  H3-2. Primer sensitivity was measure  un er t e same
 reverse transcription–polymerase chain reaction (RT-PCR) conditions used for HA subtyping using H3-F and H3-2.
(B) Sensitivity of HA3-2F and HA3-2R. Primer sensitivity was evaluated under the same RT-PCR conditions used for HA
subtyping using HA3-2F and HA3-2R. Copy numbers following dilution are indicated on top of the lanes. The expected
size of the RT-PCR product is indicated by an arrow. Marker: 100 bp ladder molecular size.
including the following: A/Taiwan/3446/02 and
A/Taiwan/3565/02, which were clustered together
with HA sequences of A/Panama/2007/99 in
Figure 3A and confirmed as Panama-like strains
by the HI test; A/Taiwan/36/04 and A/Taiwan/
220/04, which were previously found to be unsub-
typed; and A/Taiwan/229/03, which was subtyped
as H3N2 through routine multiplex RT-PCR test-
ing. All three 2003/04 isolates were identified as
Fujian-like strains on HI test. The growth curve
of these five strains after infection in MDCK cells
with the same titer (MOI = 0.001) is shown in
Figure 6. The viral titers were determined by qRT-
PCR analysis. As expected, both A/Taiwan/3446/02
and A/Taiwan/3565/02 strains displayed increased
copy number after 24–36 hours. However, the
other three 2004 strains were only grown to a
much lower ceiling at all times. Most of the in-
fected cells exhibited 80–90% cytopathic effect at
72 hours, showing that all five virus strains pro-
ductively infected MDCK cells regardless of the
number of viral copies (data not shown). This
study demonstrated a clear difference in viral
growth between the 2002 Panama-like strains and
2003/04 Fujian-like strains. The two Panama-
like strains showed HA similarity of 98.6–98.9%,
NA similarity of 97.2% to A/Panama/2007/99,
HA similarity of 97.2–97.5% to A/Fujian/411/02,
and NA similarity of 96.9% to A/Wyoming/3/03,
respectively. Furthermore, these three 2003/04
Fujian-like strains showed HA similarity of 98.3–
98.6% to A/Panama/2007/99, and 99.2–99.4%
to A/Fujian/411/02, respectively. Although the se-
quence disparity in both HA and NA for these five
strains appeared rather limited, and all of them
showed 80–90% cell cytopathic effect at 72 hours
following infection, it is interesting to observe
such distinct growth curves between two groups
of viruses in Figure 6.
Discussion
Virus isolation from clinical specimens is impor-
tant in the diagnosis and monitoring of influenza.
Higher positive rates in viral cultures for both
children and the elderly are most likely attributa-
ble to higher titers in those patients. Patient age,
however, did not appear to show a correlation to
unsubtyped results in this study. Apart from age,
other factors such as sex and clinical outcomes
listed in Table 2 also appeared uncorrelated with
gthe failure to subtype these isolates. Re-culturin
the clinical isolates in MDCK cells allowed suc-
gcessful subtyping of these 16 isolates. Amon
them, seven were positive for RT-PCR using H3-F
rand H3-2 primers routinely used in RT-PCR in ou
Aclinical virology laboratory (Figure 2A). The N
subtypes were determined as N2 with N2-1 and
rN2-2 primers, which are also routinely used in ou
laboratory for influenza A subtyping (Figure 2C).
These results indicate that some isolates were detec-
table using H3 or N2 primer sets included in the
rproposed routine multiplex RT-PCR scheme afte
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their viral loads were increased by viral re-culture.
The remaining nine isolates were also identified as
H3 subtype by RT-PCR using another primer set
HA3-2F and HA3-2R (Figure 2B). Phylogenetic
analysis and sequence identity also indicated that
these 16 unsubtyped isolates, including both their
HA and NA genes, were in line with the H3N2 vac-
cine strain or some other previously determined
H3N2 isolates (Figures 3A, 3B, 4A, 4B). Appar-
ently, unsubtyped isolates were often identifiable
by the use of additional viral culture or by chang-
ing the primer sets. As shown in Figure 4A, the
NA gene of A/chicken/Taiwan/1209/03 (H5N2)
was left alone to a different clade at a bootstrap
support of 100% through phylogenetic analysis,
suggesting that the NA gene from this avian strain
was genetically separated from the NA gene of re-
cent Taiwanese human H3N2 strains, although
both the avian and human viruses were subtyped
to N2 using the same set of primers. Furthermore,
no isolate was amplified by RT-PCR using H5 spe-
cific primers (data not shown). Although avian flu
continues to significantly threaten the general
public, this study did not find any evidence of
H5N2 in human isolates.
Analysis of the viral loads of culture fluids
revealed that isolates not detectable by RT-PCR
with H3-F and H3-2 primers had titers which were
too low for the sensitivity of these primers (Table
3). H3-F and H3-2 primers have also been reported
to be less sensitive, detecting 50–100 plaque-
forming units.22 The HA subtypes of these un-
subtyped isolates were then determined to be H3
using an alternative, highly sensitive primer set,
HA3-2F and HA3-2R, indicating that the low
viral loads in culture fluids might have resulted
in the failure of the subtyping attempt. The com-
position of these two primer sets is compared in
Table 3. The short amplified fragment of primer
set HA3-2F and HA3-2R, besides having high se-
quence homology to H3, is also thought to con-
tribute to the high sensitivity of these primers. Two
previously unsubtyped strains (A/Taiwan/112/04
and A/Taiwan/342/04 in Table 3) with high titers
after re-culture remained negative using H3-F
and H3-2, and had to be subtyped using HA3-2F
and HA3-2R. This finding may have been due to
gsequence variations in the regions correspondin
to the primers.
Our previous work demonstrated that the cir-
culating strain of influenza A virus in Taiwan
during 2003–2004 was antigenically related to
A/Fujian/411/2002 (H3N2),32 which has also
caused outbreaks in Europe, North America, and
Canada.12,13 A/Fujian/411/2002 (H3N2) has been
recommended as the 2004/05 vaccine strain in
the northern hemisphere. A/Fujian/411/2002 has
been reported to cause a delay in vaccine produc-
tion, because of a lack of high growth rate seed
virus strains.33 This investigation demonstrated
 that A/Taiwan/229/03, A/Taiwan/36/04 and
AA/Taiwan/220/04, which have HA and N  
sequences resembling those of A/Fujian/411/2002,
have significantly slower growth in MDCK cells
than the two Panama-like strains (A/Taiwan/
3565/02 and A/Taiwan/3446/02).
Despite being time-consuming and labor-
intensive, cell culture is widely used for virus
isolation, and appears to be indispensable in the
diagnosis and monitoring of influenza. The results
fof this study suggest that the low growth rate o
the epidemic strain in Taiwan during the 2003/04
fseason was likely responsible for the failure o
subtyping efforts in our laboratory. The results
also indicate the need to establish more sensi-
tive methods, or to use more sensitive primers
for subtyping low growth rate virus strains. This
study also found that two recent epidemic strains
in Taiwan had very different growth rates, thus
providing a good basis for future analysis of the
y viral growth determinants. When threatened b
a new epidemic or pandemic, uncovering the
growth determinants can markedly improve vac-
cine production, regardless of whether the vaccines
gare being generated by reverse genetics or eg
production.
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